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EXPERIMENTS ON THE CHOLINE CONTENT OF THE SKIN AND
SEBUM*
BERTHA OTTENSTEIN, Pn.D., M.D., N. BONCODDO, B.S., A. WALKER,
B.S., AND FRANCIS M. THTJRMON, B.S., M.D.
The preliminary report of Snider, Gottschalk and Rothman (4) on the fate of
choline in normal and pathological keratinization has been of considerable interest
to us. In conjunction with a clinical investigation on the dermatologic application
on ion exchange resins, we have been interested in determining the choline content
of normal and pathologic skin and in sebum. The following is a short report on
our methods and results.
I. The method originally employed by us was the microbiological assay method
of Horowitz and Beadle (1, 4, 5). However, in our hands, this method has proved
to be less convenient than the microchemical method of Roman (2) in which the
choline is precipitated as the eneaiodide, washed, dissolved in chloroform, and
titrated with .005 N thiosulfate. The range of this method is from 5 gammas to
5 mgms. choline with an error of With the exception of a few experiments
in which the choline was precipitated as the reinecke salt, all our results were
obtained by the method of Roman.
II. Choline content of skin and sebuni:
Normal skin was obtained from surgery and frozen until used. It was then
thawed and the epidermis freed as completely as possible from connective tissue.
It was then cut into pieces, frozen in powdered dry ice and ground to a fine pow-
der in a mill. A sample of the frozen powder was taken and its weight determined
after the removal of the CO2 in vacuo. Sebum was obtained by the method of
MacKenna, Wheateley and Wormell (3) and stored in the ice chest until used.
Sebum was also obtained from comedones and cysts by extraction with acetone.
The acetone extract was filtered and concentrated in vacuo to dryness. The
residue was tested for choline.
In the determination of total choline, two methods were used which yielded
considerably different results:
1. The skin was extracted with Bloors mixture in a soxhlet extraction appara-
tus, the filtered Bloors extract taken to dryness and the residue hydrolyzed in
N-HC1 at 1000 for 20 minutes. An aliquot was neutralized with NH4OH and the
choline determined by the method of Roman.
2. The skin was suspended in 4 volumes N-H2SO4 and autoclaved for 1 hour at
115 pounds. The hydrolysate was made to a convenient volume and filtered. The
H2SO4 was removed from an aliquot of the ifitrate with Ba(OH)2 and the choline
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determined as the eneaiodide. The total choline content was determined by
method (2) agreed with that given by Rothman (1) and associates while the
values obtained by method (1) were much lower.
The free choline was determined on a trichloracetic acid extract of skin: The
final trichioroacetic acid concentration was ten per cent and the tissue was left
in contact with the acid for 12—24 hours in the ice box. The extract was filtered,
an aliquot neutralized with KOII and the choline determined as the eneaiodide.
The free choline values are in agreement with those given by Rothman. A sum-
mary of our results is presented in table I.
III. On incubation, skin suspensions form free choline at the expense of bound
choline. A series of experiments was done to determine the p11 optimum of this
splitting. Finely ground skin was suspended in 3 volumes of water, 5 ml. aliquots
were taken and mixed with 5 ml. of the appropriate buffer (2), the suspensions
TABLE I
Choline content of skin and sebum
MATERIAL CONDITION TOTAL CHOLINE TOTAL CHOLINE TREE CHOLINE
7/gm. 7/gm.
Sebum Normal 530
Sebum Normal 800
Sebuni Seborrhea 1680
Sebum Seborrhea 1890
Sebuni Seborrhea 1500
Sebum from 170 comedones Trace
Sebuni Comedones + cyst 150
Sebum Psoriasis both arms 3100
Sebum Psoriasis Treated *IJV + Amb. 1650
Skin Normal 1 127 74
Skin Normal 1 144 80
Skin Normal 1 200 68
Skin Normal 2 1,200 73
* Ultraviolet light and Amberlite Resins.
were incubated under toluol for 12—15 hours and then enough 50% trichioroacetic
acid was added to make a final concentration of 10% and the free choline de-
termined as above. The data from these experiments is presented in Figure 1 and
Table II.
In order to furnish data for the clinical use of Ion Exchange resins, experiments
were conducted to determine the extent of removal of choline from aqueous solu-
tions by Amberlite XE-64. Choline was added either as the chloride or as the
hydroxide, and after shaking with Amberlite the choline was determined in the
supernatant by precipitation as the reineckate. Data from a typical experiment
are shown in table III. In this case the choline was added as the chloride. Al-
though removal of choline added as the hydroxide was more complete, it is
doubtful whether this form of choline is as physiologically important as the
chloride.
At present, we are determining choline in sebum from pathological conditions
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TABLE II
Hydrolysis of choline at different pH values
pH TIME OP INCUBATION GAMMAS PEER CHOLINE/GM.
Normal skin
5.5
5.5
5.6
6.3
6.8
6.9
7.9
8.8
8.9
hours
0.00
15
12
12
12
12
15
12
12
15
70—86y
1217
1207
1177
1717
1787
1697
1377
lOOy
747
TABLE III
Removal of choline by 1 qm. amb.* in 10 ml. H20
TIME VOLUME MG. CHOLINEADDED
MG. CHOLINE
RECOVERED
MG. CHOLINE
ABSORBED
0
30 mm.
1 hour
5 hours
10 ml.
10 ml.
10 ml.
10 ml.
5 mg.
5 mg.
5 nig.
5 mg.
5.0
2.48
2.40
2.40
0.00
2.52
2.60
2.60
* Amberlite XE-64
before and after the application of Ion Exchange resins in ointment form. One
such case was reported in table I.
SUMMARY
In summarizing our results, we may say:
1. The micromethod of W. Roman for the determination of choline can be
applied satisfactorily to the determination of choline in skin.
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2. The fact that the total choline in the skin can be extracted only after com-
paratively drastic treatment with H2S04 at high pressure, while the total choline
of other tissues (kidney) can be extracted with Bloors, may indicate that the
choline in the skin is closely bound to the keratin fraction.
3. Quantitative studies on the liberation of free choline as a function of the PH,
as reported in Table (II), have shown that the increase in the free choline content
in psoriasis and seborrhea is to be correlated with the concurrent change in the
pH of the skin in these conditions.
4. The application of Ion Exchange resins in the dermatoses although still in
the experimental stage, appear promising, and these investigations will be con-
tinued with the purpose of gathering data on the specific effects of Amberlites in
various dermatological conditions.
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DISCUSSION
DR. ROTHMAN, Chicago: I am glad to hear that Dr. Ottenstein has obtained
reliable results with the method of Horowitz and Beadle which was used in our
laboratory. I would like to know what difficulties she had after she obtained
from us the mutant and all the necessary methodological data. The method is
being used with great success all over the country.
DR. OTTENSTEIN: We did not continue to use the biological assay method with
Neurospora crassa, although it is a very good method. It involved using the
facilities of the microbiological laboratory as well as our own, and this proved
practically too difficult and time consuming. We found it easier to use our chem-
ical method.
The method of Roman seems to be very specific. We have made control experi-
ments with very good results. It is technically very simple, except that a cold
centrifuge must be used for the precipitation and washing of the choline-eneaio-
dide.
We intend to carry out further studies in pathological cases by the use of the
Roman method.
